Introduction
Updated tables of critically evaluated atomic transition probabilities for Ba I and Ba II are presented. Our tables are arranged in the same format as the comprehensive NIST tables on atomic transition probabilities. The compilations have been carried out in response to new as well as continuing interests in these spectra. For example, the lighting industry is considering barium as the emitting agent in fluorescent tubes and needs such spectral data for modeling the discharges.
Earlier transition probability tables on Ba I and Ba II were published by the National Bureau of Standards in 1969, 1 and one of us ͑Wolfgang L. Wiese͒ participated in that compilation. We stated then in the introductory comments that ''aside from the principal resonance line and several other lines of the resonance series, the oscillator strength situation for Ba I is quite poor and needs drastic improvement.'' This assessment proved indeed to be correct, as is borne out by the results of several more recent experiments, which differ significantly from the earlier compiled data, sometimes by factors of 2 or more. But the recent results are now generally in good agreement with each other, so that this compilation is based entirely on these new data.
Similarly, the statistical weight of a term ͑initial or final state of a multiplet͒ is denoted by
where L is the resultant orbital angular momentum and S is the resultant spin angular momentum.
͑2͒ Line strength S:
where k denotes the upper term and i the lower term. 
S.
For electric quadrupole ͑E2-forbidden͒ transitions,
A ki ϭ 1.1199ϫ10 18 g k
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S.
For these conversions, the line strength ͑S͒ is given in atomic units. The transition probability (A ki ) is in units of s Ϫ1 , and the f value is dimensionless. The wavelength ͑͒ is given in Å units, and g i and g k are the statistical weights of the lower and upper level, respectively. For more detail on these units and conversion factors, we refer the reader to our recent 
Allowed Transitions
Several experiments [2] [3] [4] [5] [6] have been recently carried out with improved techniques and are estimated to yield results that are significantly more accurate than those available for our earlier compilation. 1 The recent experimental results typically have uncertainties estimated to be within Ϯ 25%. Indeed, two independent experiments for the same lines by Niggli and Huber, 3 and Garcia and Campos, 6 both normalized to lifetime data, produced very good agreement.
Huber and co-workers [2] [3] [4] [5] have done a series of branchingratio measurements in emission with a hollow-cathode discharge, and obtained the spectra with a Fourier transform spectrometer. By combining their emission data with available lifetime and absorption data, absolute transition probabilities were determined.
Similar measurements, taken with a conventional grating monochromator have been performed by Garcia and Campos. 6 The agreement with the experiments by Huber and co-workers [2] [3] [4] [5] ranges from excellent to satisfactory. The best agreement-typically about 5%-10%-is obtained when both results have been normalized to lifetime data.
Less impressive agreement is obtained for lines which have been normalized according to line strength sum rules or the Ladenburg rule. 6 For Ba I, a fair number of lifetime measurements exist, many done with the Hanle effect or zero field level crossing technique. We cite only the references utilized in this tabulation. [7] [8] [9] [10] More lifetime data, including some for Rydberg levels, are available, but could not be applied by us to derive oscillator strengths, since the pertinent branching ratios are missing. The lifetimes generally have been measured by selective photon excitation of a barium atomic beam using interference filters. Thus, cascading effects have been eliminated, and collisional effects and radiative imprisonment have been checked and reduced to insignificance by varying the density of the discharge. The lifetime results are thus expected to be of very high quality, with the most accurate result obtained by Kelly and Mathur 10 for the 6s 2 1 S-6s6p 1 P o resonance line ͑quoted uncertainty Ϯ1%͒, which is in complete agreement with a pulsed dye-laser, time-resolved fluorescence measurement by Schenck et al., 12 and earlier Hanle-effect measurements by Dickie and Kelly, 17 Swagel and Lurio, 18 and Hulpke et al.
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Oscillator strengths for Rydberg transitions of the 6s 2 -6snp resonance series have been measured from n ϭ16-42 by Connerade et al. 13 and from nϭ28-60 by Mende and Kock. 14, 15 In addition, Mende and Kock have provided data for the 6s6 p -6snd series for nϭ30-60. Connerade et al. applied the technique of magneto-optical rotation, while Mende and Kock used a photoionization technique with tunable lasers. In both experiments, the oscillator strengths were measured on a relative basis, and fair-to-good agreement is obtained on a relative scale. 20 note that the extrapolation done by Connerade et al. involves very high series members with very small oscillator strengths. In fact, the oscillator strength goes through a minimum at about nϭ24, with very small ͑and uncertain͒ f values between nϭ22 and nϭ27. 13 This introduces large errors in the photoionization cross section, which is varying strongly in the vicinity of the threshold.
Since the normalization by Mende and Kock is more direct and fully consistent with other data, their data sets have been selected for this tabulation. 
Allowed Transitions
The radiative lifetimes of the 6p 2 P 1/2°a nd 6p 2 P 3/2°l evels, which decay spontaneously either into the ground state 6s 2 S 1/2 or the 5d 2 D 3/2,5/2 states, have been determined very precisely by Andrä 21 and Kuske et al. 22 in beam-laser experiments. The authors quote uncertainties of Ϯ0.2% and Ϯ1%, respectively. Davidson et al. 23 have measured the branching ratios for all transitions from the 6p 2 P 1/2,3/2°l evels, and have normalized their relative values to the above mentioned lifetime data. 21, 22 We have used these combined experimental results for the 6s -6p and 5d -6p transitions. For all other multiplets and lines of Ba II, we employed the extensive calculations by Lindgård and Nielsen 24 based on the ͑semiempirical͒ Coulomb approximation. We have selectively used their data and combined them with results of a Coulomb approximation computer program developed at NIST 25 some time ago. The results are indeed very similar, as expected. For each multiplet, the NIST program has the advantage of explicitly providing the amount of cancellation between positive and negative parts in the transition integral. Utilizing this feature, we discarded all transitions having more than 90% cancellation, since their A values are expected to be quite uncertain. 
